Enterotoxigenic Escherichia coli grown in the presence of lincomycin and tetracycline produced an increased amount of heat-labile enterotoxin (LT). These antibiotics increased the production of not only extracellular LT but also intracellular LT. On the other hand, lincomycin did not stimulate the production of heat-stable enterotoxin by enterotoxigenic E. coli. The extracellular LTs produced in the presence of lincomycin and tetracycline were purified and analyzed by sodium dodecyl sulfate-polyacrylamide gel disc electrophoresis. Results showed that the A subunits of the purified LTs were not nicked, unlike that of extracellular LT produced in the absence of the antibiotics. Levner et al. (10, 11) reported that lincomycin stimulated the production of the cholera enterotoxin of Vibrio cholerae and the heat-labile enterotoxin (LT) of enterotoxigenic Escherichia coli. Production of enterotoxin by V. cholerae non-O1 was also enhanced by lincomycin (18). Furthermore, Honda et al. (6) found that clindamycin, a derivative of lincomycin, stimulated the production of the enterotoxin of Clostridium difficile.
Levner et al. (10, 11) reported that lincomycin stimulated the production of the cholera enterotoxin of Vibrio cholerae and the heat-labile enterotoxin (LT) of enterotoxigenic Escherichia coli. Production of enterotoxin by V. cholerae non-O1 was also enhanced by lincomycin (18) . Furthermore, Honda et al. (6) found that clindamycin, a derivative of lincomycin, stimulated the production of the enterotoxin of Clostridium difficile.
In this work we studied the effects of various antibiotics that inhibit protein synthesis on the production of LT and heat-stable enterotoxin (ST) of enterotoxigenic E. coli and found that tetracycline as well as lincomycin stimulated LT production, but lincomycin and tetracycline did not stimulate ST production. Media and culture conditions for enterotoxin production. Cells were routinely grown at 37°C in the CAYE medium described by Evans et al. (2) , which consists of 20 g of Casamino Acids (Difco Laboratories, Detroit, Mich.), 6 .0 g of yeast extract (Difco), 2.5 g of NaCl, 8 .71 g of K2HPO4, and 1.0 ml of trace salt solution (5.0% MgSO4, 0.5% MnC12, 0.5% FeCl3 in 0.001 N H2SO4) in 1 liter of distilled water, final pH 8.5. Lincomycin, tetracycline (Japan Lederle Co., Tokyo), or other antibiotics were added as indicated. Overnight cultures grown in CAYE medium were diluted 100-fold in 5 ml of CAYE medium in a test tube (18-mm diameter, 180-mm length) and cultured with reciprocal shaking (130 strokes per min) at 37°C for 16 h.
CHO cell assay. Morphological changes in CHO cells were examined essentially as described by Honda et al. (7) . Eagle minimal essential medium was used in place of the F12 medium originally described by Guerrant et al. (5) , since this modification decreased the extent of elongation of CHO cells in the absence of LT. Several dilutions of LT samples were tested, and percentages of elongated CHO cells were calculated. LT activity was calibrated from dose-response curves obtained as the dilution that induced morphological changes of 50%o of the CHO cells examined (CH050).
Vascular PF assay. The vascular permeability factor (PF) assay was carried out essentially as described previously (19) . The sample was serially diluted threefold with borate-gelatin buffer (50 mM H3BO3, 120 mM NaCl, and 0.1% gelatin, pH 7.5), and 0.1 ml of each dilution was injected in duplicate intracutaneously into partially randomized sites in the back of two Japanese white rabbits. Twenty-four hours later, the animals were inoculated intravenously with 1 ml of 5% Diphenyl Brilliant Blue FF supra (Ciba Geigy, Greensboro, N.C.) in 0.45% NaCl solution per kg of body weight, and 1 h later the diameters of the blue lesions in the skin were measured to the nearest 0.5 mm. Mean diameters were plotted against the logarithm of the dilution of the test sample, and the toxic potency of each preparation was expressed as the 4-mm blueing dose (BD4). One BD4 was defined as the amount of toxin producing a lesion with a mean diameter of 4 mm.
Assay of ST activity in suckling mice. ST activity was assayed in suckling mice as described previously (16) . The sample (0.1 ml) was administered by gastric tube to 2-to 3-day-old suckling mice, with about 0.001% Evans blue dye as a marker. Three hours later, the animals were sacrificed by inhalation of chloroform. The fluid accumulation ratio of each animal was calculated as the ratio of the weight of the entire intestine to Not measured.
that of the rest of the body. The minimal amount of ST giving fluid accumulation ratio of more than 0.09 was tentatively designated as I mouse unit. Treatment of cells with polymyxin B. For extraction of intracellular LT with polymyxin B, a sample of the culture broth (5 ml) was centrifuged at 10,000 rpm for 20 min, and the cell pellet was suspended in 5 ml of phosphate-buffered saline and mixed with polymyxin B at a final concentration of 10,000 U/ml. After incubation of the mixture at 37°C for 1 h, the cells were removed by centrifugation at 15,000 rpm for 20 minm and the supernatant was used as the toxin sample.
Purification of LT. LT was purified by the method of Co.. Tokyo.
RESULTS
The results in Table I confirm that lincomycin stimulates LT production by enterotoxigenic E. (0/li. The production of not only the extracellular LT excreted into the culture media but also of the intracellular LT extracted from the cells by polymyxin B treatment was increased significantly in the presence of lincomycin. The increase of PF activity was much higher than that of CHO activity for the same sample. probably due to the difference in the systems for assay of these biological activities of LT.
The effect of lincomycin on ST production was also studied ( was not affected by lincomycin, whereas LT production, as examined by CHO assay. was enhanced (also shown in Table 1 ). The effect of lincomycin on E. (coli strains that produce only ST (8-426-1 and 8-408-1) was also studied. Lincomycin did not stimulalte their ST production ( Table 2) .
The effects of various other antibiotics that, like lincomycin, inhibit protein synthesis were also studied (Table 3 ). The concentrations of these antibiotics used were half the minimal inhibitory concentrations against E. (oli 324-1-lin'. In the case of tetracycline, 20 p.g/ml was the minimal inhibitory concentration. The CHO activity of culture supernatants in the presence of tetracycline was significantly higher than that of the control (Table 3 ). The effect of various concentrations of tetracycline on LT production were examined. Results showed that LT production was stimulated most by 5 p.g of tetracycline per ml. 'rhe stimulatory effect of tetracycline was more significant in a 48-h culture than in a 24-h culture. The other antibiotics tested did not increase LT Table 1 . footnote c.
were obtained in the presence and absence of tetracycline, but the extracellular and intracellular LT activities were greatly stimulated by the presence of tetracycline, confirming the results in Table 3 . Table 4 shows the effect of tetracycline on LT production in several other E. (coli strains. Tetracycline did not stimulate LT production in all the strains, but in some strains, such as 238-1, it markedly stimulated LT production. For examination of the molecular s of LTs produced in the presence of li and tetracycline, the extracellular LTs 324-1-lin' produced in 16-h culture in ence of 300 V.g of lincomycin and tetracycline per ml were each purifiec on SDS-polyacrylamide gel disc electr of the purified LTs are shown in Fig. 2 produced in the presence of lincomyci and 4) and tetracycline (lanes 5 and 6) as A and B subunits, like cholera er (lanes 1 and 2) Fig. 3) . The LT activity examined in PI increased significantly when LTs pr the presence of lincomycin and te were treated with trypsin (Table 5) .
The amino acid compositions of th LTs produced in the presence and al lincomycin were almost the same as previously reported data (17) Results Ent plasmid in enterotoxigenic E. (oli (11) and ophoresis that the rate of synthesis of enterotoxin in V . The LTs (-holerae (10) in the presence of lincomycin is in (lanes 3 increased. Our finding that tetracycline stimumigrated lates LT synthesis may provide an additional iterotoxin tool for further investigations of the mechanism produced of the stimulatory effects of antibiotics on LT ir tetracy-production. and dithClements and Finkelstein (1) LTh (8, 17) , respectively, from the culture supernatants of E. coli strains grown in the absence of lincomycin. They found that some of the purified extracellular LT was nicked, and thus after heating in the presence of dithiothreitol their preparations gave a smaller fragment than the A subunit on SDS-polyacrylamide gel disc electrophoresis. Our results in Fig. 2 show that dithiothreitol treatment of LT purified from the supernatants of cultures grown in the presence of lincomycin and tetracycline did not cleave the A subunit, and thus the LT was not nicked. It is possible that lincomycin and tetracycline inhibit the synthesis of a proteinase that nicks the LTs during their excretion through the cell membrane.
